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Field of the Invention 

The present invention relates to methods and compositions for modulation of 
cholesterol efflux in brain cells, for reducing secretion of Ap in brain cells, and for treatment 
of Alzheimer's disease. 

Background of the Invention 

Alzheimer's disease (AD) is a late onset neurodegenerative disorder characterized by 
the extracellular deposition of insoluble aggregates composed of the 40 to 42 amino acid Ap 
peptide in the brain (Glenner and Wong, Biochem. Biophys. Res. Commun. 120:885-890 
(1984); Masters et al., EMBO J. 4:2757-2763 (1985)). Ap peptide is derived from an integral 
membrane protein termed amyloid p-protein precursor protein (APP) (Tanzi et al., Science 
235:880 (1987); Kang et ah, Nature 325:733-736 (1987)). The function and metabolism of 
APP have been the subject of intensive study due to the fact that mutations in APP are 
associated with an autosomal dominant form of AD, (Goate et al., Nature 349:704-707 
(1991)) and over-production of APP is the presumptive cause of AD in trisomy 21 (Tanzi et 
al., Science 235:880 (1987); Hyman et al., Proc. Natl. Acad. Sci. USA 92:3586-3590 (1995)). 
Multiple APP isoforms can be generated by alternatively splicing of mRNAs. The major 
isoforms in brain are APP695, APP751, and APP770 containing 695, 751 and 770 amino 
acids, respectively. These isoforms are transmembranous proteins having large extracellular 
regions, with hydrophobic membrane spanning domains and short cytoplasmic segments. 
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ABC A 1 encodes an ATP-binding cassette protein that promotes transport of 
cholesterol and phospholipids from intracellular compartments to the extracellular space, 
where it can complex with HDL, lipid-deficient apoAI, and other apohpoproteins (1). 
Disruption of ABCA1, by Tangier disease mutations in humans or by engineered knock-out 

5 in mice, impairs intracellular transport and secretion of lipids (2-5). Like many genes 

involved in cholesterol homeostasis, ABCA1 is regulated by the liver X receptors (LXR) (6- 
8), nuclear receptors activated by oxysterols. ABCA1 is also regulated by PPAR5, which can 
be activated by fatty acid metabolites (9). Both of these classes of receptors form 
heterodimers with retinoid X receptors (RXR), which bind retinoic acid; as heterodimers, 

10 they alter gene transcription. These systems for ABCA1 induction help decrease cellular 
cholesterol after cholesterol loading (10). 

The importance of cerebral cholesterol metabolism in Alzheimer's disease (AD) risk 
and pathogenesis is supported by genetic, cell culture, mouse model, and epidemiologic data. 
Apolipoprotein E (apoE) in the CNS is implicated in supplying appropriate membrane lipid 

15 for development, nerve growth, and responses to injury and repair in the CNS (1 1); allelic 

polymorphisms in the APOE gene are associated with AD risk (12) and the APOE e4 allele is 
associated with increased A/3 deposition in AD brain (13). A/3 formation in cell culture 
systems is inhibited by cholesterol depletion, HMG-CoA reductase inhibition, and ACAT 
inhibition (14-16). Amyloid deposition in transgenic mouse models of AD can be accelerated 

20 by oral cholesterol loading (17), and reduced by HMG-CoA reductase inhibitors (18). 

Finally, hypercholesterolemia has been associated with AD risk (19,20), and three recent 
epidemiological studies suggest that cholesterol-lowering drugs can reduce the risk of 
developing AD (21-23). 

There is great need for better understanding of cholesterol transport and processing in 

25 the CNS, particularly because a link between cholesterol and A/3 deposition has been 

established. Because A/3 is believed to be the causative agent of Alzheimer's Disease, there is 
a need for compositions and methods which reduce the production of A/3. 

Summary of the Invention 

30 We found that the ABCA1 ATP-binding cassette protein is expressed in neurons and 

glia in vivo and in vitro. We further found that ABCA1 is induced unexpectedly by ligands 
of LXR, and this induction leads to increased levels of secreted A/3. These data suggest that 
increased cholesterol can alter A/3 levels through its effects on ABCA1. 



- 3 - 

According to one aspect of the invention, methods for reducing the level of A/3 
secreted from a brain cell are provided. According to another aspect of the invention, 
methods for modulating cholesterol efflux in a brain cell are provided. The methods include 
contacting a mammalian brain cell with an agent that reduces expression or activity of a liver 

5 X receptor (LXR) protein and/or an ABCA1 ATP-binding cassette protein. In some 
embodiments, the agent is an agent that reduces LXR and/or ABCA1 protein activity, 
preferably an agent binds to the LXR and/or ABCA1 protein, and more preferably an 
antibody or an antibody fragment containing an antigen binding domain that binds to LXR 
and/or ABCA1 protein. In other embodiments, the agent is an antagonist of LXR and/or 

10 ABCA1 function, such as geranylgeranyl pyrophosphate (GGPP). In still other 

embodiments, the agent is an agent that reduces LXR and/or ABCA1 protein expression. 
Such agents preferably are molecules that induce RNA inhibition (RNAi) of LXR and/or 
ABCA1, antisense oligonucleotides, PPARS modulators, or agents that reduce oxysterol 
and/or retinoic acid levels in the brain cell. In certain embodiments, the latter agents are 

15 statin compounds, or inhibitors of a cytochrome P450 enzyme that generates oxysterols; 

preferably the cytochrome P450 enzyme is CYP46 that makes 24-hydroxycholesterol. The 
contacting can occur in vitro or in vivo. Preferred brain cells includes neuron and glial cells. 

According to still another aspect of the invention, methods for reducing the rate of 
onset or the severity of Alzheimer's disease in a subject are provided. The methods include 

20 administering to the subject an effective amount of one or more agents selected from the 

group consisting of: agents that decrease LXR expression or activity; and agents that decrease 
ABCA1 expression or activity, as described above. In certain embodiments, the subject is a 
human. In other embodiments, the methods also include administering to the subject an 
effective amount of a therapeutic agent for treating Alzheimer's disease selected from the 

25 group consisting of acetylcholine esterase inhibitors, beta- and gamma-secretase inhibitors, 
Abeta vaccines, Cu-Zn chelators, cholesterol-lowering drugs and non-steroidal anti- 
inflammatory drugs. 

Compositions are provided in a further aspect of the invention. The compositions are 
useful for reducing A/3 secretion from a brain cell and include one or more agents that reduce 
30 LXR activity or expression and/or one or more agents that reduce ABCA1 activity or 

expression, as described above. In certain embodiments, the compositions also include a 
pharmaceutically acceptable carrier. In other embodiments, the compositions also include a 
therapeutic agent for treating Alzheimer's disease, preferably one selected from the group 
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consisting of acetylcholine esterase inhibitors, beta- and gamma-secretase inhibitors, Abeta 
vaccines, Cu-Zn chelators, cholesterol-lowering drugs and non-steroidal anti-inflammatory 
drugs. 

In a further aspect of the invention, kits are provided that include any of the foregoing 
5 compositions along with instructions for administering the composition to a subject having or 
suspected of having Alzheimer's disease. 

Use of the foregoing compounds and agents in the preparation of medicaments is also 
provided, particularly for use in treatment of Alzheimer's disease. 

Other aspects, embodiments features and advantages of the present invention will be 
10 set forth in the detailed description of preferred embodiments that follows, and in part will be 
apparent from the description or may be learned by practice of the invention. 



Brief Description of the Drawings 

Fig. 1 shows ABCA1 in situ hybridization in rat brain. Sections of rat brain were 
15 probed with a radiolabeled ABCA1 antisense probe. Fig. 1A. Coronal section. Fig. IB. Liver 
(positive control). Fig. 1C. Sagittal section. Fig. ID. Sagittal section, sense probe (negative 
control). 

Fig. 2 depicts up-regulation of ABCA1 mRNA in mouse brain after AMPA lesion. In 
situ hybridization for ABCA1 was conducted on coronal sections of mouse brain after a 

20 unilateral hippocampal AMPA lesion. Fig. 2A. Unlesioned brain. Fig. 2B. One hour post- 
lesion. Fig. 2C. Seven days post-lesion. Fig. 2D. Eleven days post-lesion. 

Fig. 3 shows regulation of ABCA1 expression in neuronal cells. Mouse primary 
neurons (Fig. 3A) and Neuro2A cells (Figs. 3B, C) were treated in culture with retinoic acid 
(RA) and oxysterols, which induce gene transcription through RXR and LXR nuclear 

25 hormone receptors. Expression of ABCA1 in cell extracts was analyzed by immunoblot 

analysis. As a control, Neuro2A cells transiently overexpressing ABCA1 from an expression 
vector demonstrated strong immunoreactivity of approximately 220 kDa (right lanes). Fig. 
3 A. Primary neurons were treated with 10" 7 or 10° M (0.1 or 10 uM) RA and 22- 
hydroxycholesterol (22). Fig. 3B. Neuro2A cells treated with (+) or without (-) 10 [iM RA 

30 and 22-hydroxycholesterol. Fig. 3C. Neuro2A cells treated with 5 /xM RA and 5 fiM 

oxysterols (untreated control (C); 22-hydroxycholesterol (22); 25-hydroxycholesterol (25); 7- 
ketocholesterol (7)). Location of 250 kDa molecular weight marker is noted at left. 



Fig. 4 depicts regulation of ABCA1 expression in glial cells. Mouse Neuro2A, mouse 
BV-2, and rat C6 cells were treated with vehicle (control, lanes 1 and 2), 5 jtiM retinoic acid 
and 5 fiM 22-hydroxycholesterol (lanes 3 and 4), 1 /jlM TO-901317 (lanes 5 and 6), or 5 /iM 
retinoic acid and 1 fjM TO-901317 (lanes 7 and 8). Cells extracts were collected and 
5 analyzed for ABCA1 protein by immunoblot. The molecular weight marker denotes 190 
kDa. 

Fig. 5 shows ABCA1 distribution in Neuro2A cells. Mouse Neuro2A cells were 
transiently transfected with an ABCA1-GFP expression construct. Green fluorescence was 
visualized one day after transfection. 

10 Fig. 6 depicts induction of ABCA1 and secreted A/3 levels. Neuro2A cells were 

treated with retinoic acid and either 22-hydroxycholesterol (22) or TO-901317 (TO) for one 
day. Conditioned media was analyzed for A/340 and A/342 and compared to levels found in 
cells treated only with vehicle (defined as 100%). Cells treated with 22-hydroxycholesterol 
showed increased A/340 (29%, p<0.02) and A/342 (65%, p<0.005). Cells treated with TO- 

15 901317 showed increased A/340 (25%, p<0.1, NS) and A/342 (126%, p<0.001). 

Fig. 7 shows RNA inhibition of ABCA1 and secreted A/3 levels. Neuro2A cells were 
treated with vehicle (ethanol) or retinoic acid and 22-hydroxycholesterol in the presence or 
absence of RNAi. Control cells showed significant increases in A/340 (29%, p<0.05) and 
A/342 (62%), p<0.01) with retinoic acid and 22-hydroxycholesterol. These increases were 

20 diminished and non-significant in the presence of RNAi directed against ABCA1 : A/340, 4%, 
p<0.9, NS; A/342 , 37%, p<0.2, NS. RNAi directed against human hsp70 did not diminish the 
soluble A/3 increases induced by retinoic acid and 22-hydroxycholesterol: A/340, 30%), p<0.2, 
NS; A/342, 88%, p<0.02. 

25 Detailed Description of the Invention 

The present invention describes the effect of agonists of liver X receptor (LXR) on the 
expression of the ATP-binding cassette transporter ABCA1 and on the secretion of soluble 
A/3 in brain. It follows that interfering with LXR expression or activity (particularly 
transcriptional activity) and/or ABCA1 expression or activity (particularly its transport 
30 activity) alters A/3 secretion, and therefore is a therapeutic mechanism for Alzheimer's 
disease. 
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Agents that inhibit LXR and/or ABCA1 expression and/or activity thus are useful in 
accordance with the invention for reduction of A(3 secretion and treatment of Alzheimer's 
disease. 

As used herein, an agent is said to reduce or inhibit the expression or activity of LXR 
5 if expression or activity of LXR is less in the presence of the agent than when the agent is 

absent. Similarly, an agent is said to reduce or inhibit the expression or activity of ABCA1 if 
expression or activity of ABCA1 is less in the presence of the agent than when the agent is 
absent. Suitable agents exhibiting these properties include, but are not limited to, peptides, 
antibodies, carbohydrates, nucleic acids, pharmaceutical agents, and the like, including 
10 derivatives thereof. 

The agents of the present invention may be identified and/or prepared according to 
any of the methods and techniques known to those skilled in the art. These agents, 
particularly peptide agents and antibody agents, may occur or be produced as monomer, 
dimers, trimers, tetramers or multimers. Such multimers can be prepared using enzymatic or 
15 chemical treatment of the native receptor molecules or be prepared using recombinant 
techniques. Preferably, the agents of the present invention are selected and screened at 
random or rationally selected or designed using protein modeling techniques. 

For random screening, candidate agents are selected at random and assayed for their 
ability to reduce the expression or activity of LXR and/or ABCA1. Any of the suitable 
20 methods and techniques known to those skilled in the art may be employed to assay candidate 
agents. 

For rational selection or design, the agent preferably is selected based on the structure 
of the LXR or ABCA1 proteins, or on the structure of existing agonists or antagonists of 
these proteins. Nucleic acid antagonists, such as antisense oligonucleotides or molecules that 

25 induce RNA inhibition (RNAi) can be designed based on the sequences of the nucleic acids 
encoding the LXR or ABCA1 proteins. Any of the suitable methods and techniques known 
to those skilled in the art may be employed for rational selection or design. For example, one 
skilled in the art can readily adapt currently available procedures to generate antibodies, 
peptides, pharmaceutical agents and the like capable of binding to LXR or ABCA1 proteins. 

30 Illustrative examples of such available procedures are described, for example, in Hurby et al., 
"Application of Synthetic Peptides: Antisense Peptides," in Synthetic Peptides, A User's 
Guide, W. H. Freeman, N.Y., pp. 289-307 (1992); Kaspczak et al., Biochemistry 28:9230 
(1989); and Harlow, Antibodies, Cold Spring Harbor Press, N.Y. (1990). 



Illustrative examples of agents of the present invention that inhibit LXR expression or 
function include, but are not limited to: antibodies that specifically bind to LXR protein or 
antigen-binding fragments or derivatives thereof; small molecule modulators of LXR 
function including geranylgeranyl pyrophosphate (GGPP) and the compounds disclosed in 
U.S. patent 6,316,503; double stranded LXR RNA molecules for RNA inhibition (RNAi); 
antisense oligonucleotides that bind to LXR nucleic acid molecules; and agents that reduce 
oxysterol and/or retinoic acid levels in a brain cell, including statin compounds (e.g., 
simvastatin), inhibitors of a cytochrome P450 enzyme that generates oxysterols, and PPAR5 
modulators (e.g., as disclosed in U.S. patent 6,436,993). The P450 inhibitor compounds may 
include compounds that are known to inhibit P450 enzymes, such as antidepressants (e.g., 
fluoxetine, paroxetine, and quinidine against CYP2D6, fluvoxamine against CYP1 A2 and 
CYP2C19, nefazodone against CYP3A4); calcium channel blockers (e.g., mibefradil against 
CYP1 A2, 2D6, and 3A4); and anti-ulcer medications (e.g., cimetidine), as well as compounds 
of similar structure. Preferably the P450 inhibitor compound inhibits the cytochrome P450 
enzyme CYP46, which makes 24-hydroxycholesterol. 

Similarly, agents of the present invention that inhibit ABCA1 ATP-binding cassette 
protein expression or function include, but are not limited to: antibodies that specifically bind 
to ABCA1 protein or antigen-binding fragments or derivatives thereof; small molecule 
modulators of ABCA1 function; and molecules that inhibit expression of ABCA1, including 
double stranded ABCA1 RNA molecules for RNA inhibition (RNAi); antisense 
oligonucleotides that bind to ABCA1 nucleic acid molecules; and agents that reduce 
oxysterol and/or retinoic acid levels in a brain cell as described above, including statin 
compounds, inhibitors of a cytochrome P450 enzyme that generates oxysterols, and PPAR8 
modulators. 

In certain embodiments of the invention, the methods can further include 
administration of an effective amount of additional therapeutic agent(s) for treating 
Alzheimer's disease. Such Alzheimer's disease therapeutics include: acetylcholine esterase 
inhibitors (including donepezil, rivastigmine and galantamine), beta- and gamma-secretase 
inhibitors, Abeta vaccines, Cu-Zn chelators, cholesterol-lowering drugs and non-steroidal 
anti-inflammatory drugs. 

The antibodies of the present invention include polyclonal and monoclonal antibodies, 
as well as antibody fragments and derivatives that contain the relevant antigen binding 
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domain of the antibodies. Such antibodies or antibody fragments are preferably used in the 
diagnostic and therapeutic embodiments of the present invention. 

Suitable monoclonal and polyclonal antibodies may be prepared by any of the 
methods and techniques well known in the art, such as described in, for example, A. M. 
5 Campbell, Monoclonal Antibody Technology: Laboratory Techniques in Biochemistry and 
Molecular Biology, Elsevier Science Publishers, Amsterdam, The Netherlands (1984) and 
Harlow, Antibodies, Cold Spring Harbor Press, N.Y. (1989). For example, an antibody 
capable of binding to a domain of LXR or ABCA1 can be generated by immunizing an 
animal with a polypeptide containing that domain. Any animal (mouse, rabbit, etc.) which is 

10 known to produce antibodies can be utilized to produce antibodies with the desired specificity 
and suitable methods for immunization of these animals are well known in the art, including, 
for example, subcutaneous or intraperitoneal injection of the polypeptide. One skilled in the 
art will recognize that the amount of polypeptide used for immunization will vary based on a 
number of factors, including the animal which is immunized, the antigenicity of the 

15 polypeptide selected, and the site of injection. 

The polypeptides used as an immunogen may be modified as appropriate or 
administered in an adjuvant in order to increase the peptide antigenicity. Suitable methods 
increasing antigenicity are well known in the art, and include, for example, coupling the 
antigen with a heterologous protein (such as globulin or /3-galactosidase) or through the 

20 inclusion of an adjuvant during immunization. 

A preferred method of generating monoclonal antibodies comprises removing spleen 
cells from the immunized animals, fusing these cells with myeloma cells, such as SP2/0- 
Agl4 myeloma cells, and allowing them to become monoclonal antibody-producing 
hybridoma cells. Any one of a number of methods well known in the art may be used to 

25 identify the hybridoma cell which produces an antibody with the desired characteristics. 
These include screening the hybridomas with an ELISA assay, western blot analysis, or 
radioimmunoassay (Lutz et al., Exp. Cell Res. 175:109-124 (1988); Kishimoto et al., Proc. 
Natl. Acad. Sci USA 87:2244-2248 (1990)). Hybridomas secreting the desired antibodies are 
cloned and the class and subclass of the secreted antibodies are determined using procedures 

30 known in the art (Campbell, A. M., Monoclonal Antibody Technology: Laboratory 
Techniques in Biochemistry and Molecular Biology, Elsevier Science Publishers, 
Amsterdam, The Netherlands (1984)). 
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For polyclonal antibodies, antibody-containing antisera is preferably isolated from the 
immunized animal and is screened for the presence of antibodies with the desired specificity 
using one of the above-described procedures. 

The present invention further provides hybrid cell lines which secrete monoclonal 
5 antibodies selective for the LXR protein and/or ABCA1 protein. These monoclonal 

antibodies are capable of wholly or partially neutralizing the activity of the polypeptides or 
specifically binding to one of the said polypeptides. These monoclonal antibodies can be 
used for qualitative and/or quantitative measurement or for purification of the polypeptides 
according to the invention. The present invention therefore also includes test systems which 

10 contain the monoclonal antibodies herein described. 

Antibodies may be used as an isolated whole antibody, or can be used as a source for 
generating antibody fragments which contain the antigen binding site of the antibody. 
Examples of such antibody fragments include, but are not limited to the F VJ the F(ab), the 
F(ab) 2 , fragment, as well as single chain antibodies. 

15 Significantly, as is well-known in the art, only a small portion of an antibody 

molecule, the paratope, is involved in the binding of the antibody to its epitope (see, in 
general, Clark, W.R. (1986) The Experimental Foundations of Modern Immunology Wiley & 
Sons, Inc., New York; Roitt, I. (1991) Essential Immunology , 7th Ed., Blackwell Scientific 
Publications, Oxford). The pFc' and Fc regions, for example, are effectors of the complement 

20 cascade but are not involved in antigen binding. An antibody from which the pFc' region has 
been enzymatically cleaved, or which has been produced without the pFc' region, designated 
an F(ab') 2 fragment, retains both of the antigen binding sites of an intact antibody. Similarly, 
an antibody from which the Fc region has been enzymatically cleaved, or which has been 
produced without the Fc region, designated an Fab fragment, retains one of the antigen 

25 binding sites of an intact antibody molecule. Proceeding further, Fab fragments consist of a 
covalently bound antibody light chain and a portion of the antibody heavy chain denoted Fd. 
The Fd fragments are the major determinant of antibody specificity (a single Fd fragment 
may be associated with up to ten different light chains without altering antibody specificity) 
and Fd fragments retain epitope-binding ability in isolation. 

30 Within the antigen-binding portion of an antibody, as is well-known in the art, there 

are complementarity determining regions (CDRs), which directly interact with the epitope of 
the antigen, and framework regions (FRs), which maintain the tertiary structure of the 
paratope (see, in general, Clark, 1986; Roitt, 1991). In both the heavy chain Fd fragment and 
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the light chain of IgG immunoglobulins, there are four framework regions (FR1 through FR4) 
separated respectively by three complementarity determining regions (CDR1 through CDR3). 
The CDRs, and in particular the CDR3 regions, and more particularly the heavy chain CDR3, 
are largely responsible for antibody specificity. 
5 It is now well-established in the art that the non-CDR regions of a mammalian 

antibody may be replaced with similar regions of conspecific or heterospecific antibodies 
while retaining the epitopic specificity of the original antibody. This is most clearly 
manifested in the development and use of "humanized" antibodies in which non-human 
CDRs are covalently joined to human FR and/or Fc/pFc' regions to produce a functional 
10 antibody. 

Various methods known in the art can be used to generate such fragments without 
undue experimentation. Recombinant techniques are preferred for generating large quantities 
of antibodies, antibody fragments and single chain antibodies, as described, for example, in 
Pluckthum, Bio/Technology 10:163-167 (1992); Carter et al., Bio/Technology 10:167-170 

15 (1992); and Mullinax et al., Biotechniques 12:864-869 (1992). In addition, recombinant 
techniques may be used to generate heterobi functional antibodies. 

In general, recombinant production of antibodies, antibody fragments or derivatives 
thereof, uses mRNA encoding an antibody which is isolated from hybridoma cells that 
produce the desired antibody. This mRNA is then used as a source for generating a cDNA 

20 molecule which encodes the antibody, or a fragment thereof. Once obtained, the cDNA may 
be amplified and expressed according to known methods in a variety of eukaryotic and 
prokaryotic hosts. 

The present invention further includes derivatives of antibodies (antibody 
derivatives). As used herein, an "antibody derivatives" contain an antibody of the present 

25 invention, or a fragment thereof, as well as an additional moiety which is not normally a part 
of the antibody. Such moieties may improve the solubility, absorption, biological half-life, 
etc., of the antibody, decrease the toxicity of the antibody, eliminate or attenuate any 
undesirable side effect of the antibody, or serve as a detectable marker of the presence of the 
antibody. Moieties capable of mediating such effects are well known in the art. 

30 Detectably labeled antibodies constitute a special class of the antibody derivatives of 

the present invention. An antibody is said to be "detectably labeled" if the antibody, or 
fragment thereof, is attached to a molecule which is capable of identification, visualization, or 
localization using known methods. Suitable detectable labels include radioisotopic labels, 



enzyme labels, non-radioactive isotopic labels, fluorescent labels, toxin labels, affinity labels, 
chemiluminescent labels and nuclear magnetic resonance contrast agents. 

Illustrative examples of suitable enzyme labels include, but are not limited to, 
luciferase, malate dehydrogenase, staphylococcal nuclease, delta-5-steroid isomerase, yeast- 
alcohol dehydrogenase, alpha-glycerol phosphate dehydrogenase, triose phosphate isomerase, 
horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta- 
galactosidase, ribonuclease, urease, catalase, glucose-6-phosphate dehydrogenase, 
glucoamylase, and acetylcholine esterase. 

Examples of suitable radioisotopic labels include, but are not limited to, 3 H, 111 In, 123 I, 
131 I, 32 P, 35 S, ,4 C, 51 Cr, 57 To, 58 Co, 59 Fe, 75 Se, 152 Eu, 90 Y, 67 Cu, 2,7 Ci, 2,1 At, 212 Pb, 47 Sc, 109 Pd, 
etc. nl In is a preferred isotope where in vivo imaging is used since its avoids the problem of 
dehalogenation of the 12:) I or l31 I-labeled monoclonal antibody by the liver. In addition, this 
radionucleotide has a more favorable gamma emission energy for imaging (Perkins et al., 
Eur. J. Nucl. Med 10:296-301 (1985); Carasquillo et al., J. Nucl. Med. 28:281-287 (1987)). 
For example, lll In coupled to monoclonal antibodies with l-(p-isothiocyanatobenzyl)-DPTA 
has shown little uptake in non-tumorous tissues, particularly the liver, and therefore enhances 
specificity of tumor localization (Esteban et al, J. Nucl. Med. 28:861-870 (1987)). 

Illustrative examples of suitable non-radioactive isotopic labels include, but are not 
limited to, 157 Gd, 55 Mn, 162 Dy, 52 Tr, and 56 Fe. 

Illustrative examples of suitable fluorescent labels include, but are not limited to, an 
1:)2 Eu label, a fluorescent protein (including green fluorescent protein (GFP), enhanced green 
fluorescent protein (EGFP) and yellow fluorescent protein (YFP)), a fluorescein label, an 
isothiocyanate label, a rhodamine label, a phycoerythrin label, a phycocyanin label, an 
allophycocyanin label, an o-phthaldehyde label, and a fluorescamine label. 

Suitable chemical toxins or chemotherapeutic agents include members of the enediyne 
family of molecules, such as calicheamicin and esperamicin. Chemical toxins can also be 
taken from the group consisting of duocarmycin (see e.g., US Patent 5,703,080 and US Patent 
4,923,990), methotrexate, doxorubicin, melphalan, chlorambucil, ARA-C, vindesine, 
mitomycin C, cis-platinum, etoposide, bleomycin and 5-fluorouracil. Toxins that are less 
preferred in the compositions and methods of the invention include poisonous lectins, plant 
toxins such as ricin, abrin, modeccin, botulinum and diphtheria toxins. Of course, 
combinations of the various toxins could also be coupled to one antibody molecule thereby 
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accommodating variable cytotoxicity. Other chemotherapeutic agents are known to those 
skilled in the art. 

Illustrative examples of chemiluminescent labels include a luminal label, an 
isoluminal label, an aromatic acridinium ester label, an imidazole label, an acridinium salt 
5 label, an oxalate ester label, a luciferin label, a luciferase label, and an aequorin label. 

Illustrative examples of nuclear magnetic resonance contrasting agents include 
paramagnetic heavy metal nuclei such as Gd, Mn, and Fe. 

The coupling of one or more molecules to antibodies is envisioned to include many 
chemical mechanisms, for instance covalent binding, affinity binding, intercalation, 
10 coordinate binding, and complexation. 

The covalent binding can be achieved either by direct condensation of existing side 
chains or by the incorporation of external bridging molecules. Many bivalent or polyvalent 
agents are useful in coupling protein molecules to other proteins, peptides or amine functions, 
etc. For example, the literature is replete with coupling agents such as carbodiimides, 
15 diisocyanates, glutaraldehyde, diazobenzenes, and hexamethylene diamines. This list is not 
intended to be exhaustive of the various coupling agents known in the art but, rather, is 
exemplary of the more common coupling agents. 

In preferred embodiments, it is contemplated that one may wish to first derivatize the 
antibody, and then attach the toxin component to the derivatized product. Suitable cross- 
20 linking agents for use in this manner include, for example, SPDP (N-succinimidyl-3-(2- 
pyridyldithio)propionate), and SMPT, 4-succinimidyl-oxycarbonyl-a-methyl- ex (2- 
pyridyldithio)toluene. 

Radionuclides typically are coupled to an antibody by chelation. For example, in the 
case of metallic radionuclides, a bifunctional chelator is commonly used to link the isotope to 
25 the antibody or other protein of interest. Typically, the chelator is first attached to the 

antibody, and the chelator-antibody conjugate is contacted with the metallic radioisotope. A 
number of bifunctional chelators have been developed for this purpose, including the 
diethyl enetri amine pentaacetic acid (DTP A) series of amino acids described in U.S. patents 
5,124,471, 5,286,850 and 5,434,287, which are incorporated herein by reference. As another 
30 example, hydroxamic acid-based bifunctional chelating agents are described in U.S. patent 
5,756,825, the contents of which are incorporated herein. Another example is the chelating 
agent termed p-SCN-Bz-HEH A ( 1 ,4,7, 1 0, 1 3, 1 6-hexaazacyclo-octadecane- 
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N,N\N M ,N"',N"",N -hexaacetic acid) (Deal et al., J. Med. Chem. 42:2988, 1999), which is an 
effective chelator of radiometals such as 225 Ac. 

In yet other embodiments, the antibodies can be chimeric or humanized antibodies. 
As used herein, the term "chimeric antibody" refers to an antibody, that combines the murine 
variable or hypervariable regions with the human constant region or constant and variable 
framework regions. As used herein, the term "humanized antibody" refers to an antibody that 
retains only the antigen-binding CDRs from the parent antibody in association with human 
framework regions (see, Waldmann, 1991, Science 252:1657). Such chimeric or humanized 
antibodies retaining binding specificity of the murine antibody are expected to have reduced 
immunogenicity when administered in vivo for diagnostic, prophylactic or therapeutic 
applications according to the invention. 

In certain embodiments, the antibodies are human antibodies. The term "human 
antibody", as used herein, is intended to include antibodies having variable and constant 
regions derived from human germline immunoglobulin sequences. The human antibodies of 
the invention may include amino acid residues not encoded by human germline 
immunoglobulin sequences (e.g., mutations introduced by random or site-specific 
mutagenesis in vitro or by somatic mutation in vivo). However, the term "human antibody", 
as used herein, is not intended to include antibodies in which CDR sequences derived from 
the germline of another mammalian species, such as a mouse have been grafted onto human 
framework sequences (referred to herein as "humanized antibodies"). Human antibodies 
directed against PSMA can be generated using transgenic mice carrying parts of the human 
immune system rather than the mouse system. 

Fully human monoclonal antibodies also can be prepared by immunizing mice 
transgenic for large portions of human immunoglobulin heavy and light chain loci. See, e.g., 
U.S. patents 5,591,669, 5,598,369, 5,545,806, 5,545,807, 6,150,584, and references cited 
therein, the contents of which are incorporated herein by reference. These animals have been 
genetically modified such that there is a functional deletion in the production of endogenous 
(e.g., murine) antibodies. The animals are further modified to contain all or a portion of the 
human germ-line immunoglobulin gene locus such that immunization of these animals will 
result in the production of fully human antibodies to the antigen of interest. Following 
immunization of these mice (e.g., XenoMouse (Abgenix), HuMAb mice 
(Medarex/GenPharm)), monoclonal antibodies can be prepared according to standard 
hybridoma technology. These monoclonal antibodies will have human immunoglobulin 
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amino acid sequences and therefore will not provoke human anti-mouse antibody (HAMA) 
responses when administered to humans. 

The agents of the present invention may be used in vitro and/or in vivo to study LXR 
or ABCA1 activity (such as cholesterol efflux in brain cells) and to reduce the rate of onset 
and/or ameliorate the duration and severity of Alzheimer's disease. 

For in vivo use, the agents of the present invention may be provided to a patient as a 
means of reducing the amount or rate of A/3 secretion. 

The present invention therefore provides pharmaceutical compositions comprising an 
agent that inhibits LXR and/or ABCA1 function and/or expression. These pharmaceutical 
compositions may be administered orally, rectally, parenterally, intravaginally, 
intraperitoneally, topically (as by powders, ointments, drops or transdermal patch), bucally, 
or as an oral or nasal spray. As used herein, "pharmaceutical ly acceptable carrier" is intended 
to mean a non-toxic solid, semisolid or liquid filler, diluent, encapsulating material or 
formulation auxiliary of any type. The term "parenteral" as used herein refers to modes of 
administration which include intravenous, intramuscular, intraperitoneal, intrasternal, 
subcutaneous and intraarticular injection and infusion. One of ordinary skill will recognize 
that the choice of a particular mode of administration can be made empirically based upon 
considerations such as the particular disease state being treated; the type and degree of the 
response to be achieved; the specific agent or composition employed; the age, body weight, 
general health, sex and diet of the patient; the time of administration and rate of excretion of 
the agent or composition; the duration of the treatment; drugs (such as a chemotherapeutic 
agent) used in combination or coincidental with the specific composition; and like factors 
well known in the medical arts. 

Pharmaceutical compositions of the present invention for parenteral injection may 
comprise pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions, 
suspensions or emulsions as well as sterile powders for reconstitution into sterile injectable 
solutions or dispersions just prior to use. Illustrative examples of suitable aqueous and 
nonaqueous carriers, diluents, solvents or vehicles include, but are not limited to, water, 
ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), 
carboxymethylcellulose and suitable mixtures thereof, vegetable oils (such as olive oil), and 
injectable organic esters such as ethyl oleate. Proper fluidity can be maintained, for example, 
by the use of coating materials such as lecithin, by the maintenance of the required particle 
size in the case of dispersions, and by the use of surfactants. 
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The compositions of the present invention may also contain adjuvants such as 
preservatives, wetting agents, emulsifying agents, and dispersing agents. Prevention of the 
action of microorganisms may be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, phenol sorbic acid, and the like. It 
5 may also be desirable to include isotonic agents such as sugars, sodium chloride, and the like. 
Prolonged absorption of the injectable pharmaceutical form may be brought about by the 
inclusion of agents which delay absorption such as aluminum monostearate and gelatin. 

In some cases, in order to prolong the effect of the therapeutic agent or inhibitor, it is 
desirable to slow the absorption from, for example, subcutaneous or intramuscular injection. 

10 This may be accomplished by the use of a liquid suspension of crystalline or amorphous 

material with poor water solubility. The rate of absorption of the drug then depends upon its 
rate of dissolution which, in turn, may depend upon crystal size and crystalline form. 
Alternatively, delayed absorption of a parenterally administered drug form is accomplished 
by dissolving or suspending the drug in an oil vehicle. 

15 Injectable depot forms are made by forming microencapsule matrices of the drug in 

biodegradable polymers such as polylactide-polyglycolide. Depending upon the ratio of drug 
to polymer and the nature of the particular polymer employed, the rate of drug release can be 
controlled. Examples of other biodegradable polymers include poly(orthoesters) and 
poly( anhydrides). Depot injectable formulations are also prepared by entrapping the drug in 

20 liposomes or microemulsions which are compatible with body tissues. 

The injectable formulations can be sterilized, for example, by filtration through a 
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid 
compositions which can be dissolved or dispersed in sterile water or other sterile injectable 
medium just prior to use. 

25 Solid dosage forms for oral administration include, but are not limited to, capsules, 

tablets, pills, powders, and granules. In such solid dosage forms, the active compounds are 
preferably mixed with at least one pharmaceutically acceptable excipient or carrier such as 
sodium citrate or dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, 
sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example, 

30 carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, and acacia, c) 

humectants such as glycerol, d) disintegrating agents such as agar-agar, calcium carbonate, 
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate, e) solution 
retarding agents such as paraffin, f) absorption accelerators such as quaternary ammonium 
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compounds, g) wetting agents such as, for example, cetyl alcohol and glycerol monostearate, 
h) absorbents such as kaolin and bentonite clay, and i) lubricants such as talc, calcium 
stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures 
thereof In the case of capsules, tablets and pills, the dosage form may also comprise 
5 buffering agents as appropriate. 

Solid compositions of a similar type may also be employed as fillers in soft and hard 
filled gelatin capsules using such excipients as lactose or milk sugar as well as high 
molecular weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be 

10 prepared with coatings and shells such as enteric coatings and other coatings well known in 
the pharmaceutical formulating art. They may optionally contain opacifying agents and can 
also be of a composition that they release the active ingredient(s) only, or preferentially, in a 
certain part of the intestinal tract, optionally, in a delayed manner. Illustrative examples of 
embedding compositions which can be used include polymeric substances and waxes. 

15 The inhibitors of LXR and/or ABCA1 expression and/or function also be in micro- 

encapsulated form, if appropriate, with one or more of the above-mentioned excipients. 

Liquid dosage forms for oral administration include, but are not limited to, 
pharmaceutically acceptable emulsions, solutions, suspensions, syrups and elixirs. In 
addition to the active compounds, the liquid dosage forms may contain inert diluents 

20 commonly used in the art such as, for example, water or other solvents, solubilizing agents 

and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl 
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethyl formamide, oils (in 
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol, 
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and 

25 mixtures thereof. 

Besides inert diluents, the oral compositions may also contain adjuvants such as 
wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming 
agents. 

Suspensions, in addition to the active compounds, may contain suspending agents as, 
30 for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and tragacanth, 
and mixtures thereof. 
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The agent or inhibitor can also be administered in the form of liposomes. As is 
known to those skilled in the art, liposomes are generally derived from phospholipids or other 
lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated liquid crystals 
that are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable and 
5 metabolizable lipid capable of forming liposomes can be used. The present compositions in 
liposome form can contain, in addition to the agent or inhibitor, stabilizers, preservatives, 
excipients, and the like. Preferred lipids are phospholipids and phosphatidyl cholines 
(lecithins), both natural and synthetic. Methods to form liposomes are known in the art. See, 
e.g., Prescott, ed., METHODS IN CELL BIOLOGY, Volume XIV, Academic Press, New 

10 York, N.Y. (1976), p. 33 et seq. 

The agents of the present invention can be formulated according to known methods to 
prepare pharmaceutically acceptable compositions, whereby these materials, or their 
functional derivatives, are combined in a mixture with a pharmaceutically acceptable carrier 
vehicle. Suitable vehicles and their formulation, inclusive of other human proteins, e.g., 

15 human serum albumin, are well known in the art. In order to form a pharmaceutically 

acceptable composition suitable for effective administration, such compositions will contain 
an effective amount of one or more agents of the present invention. 

Additional pharmaceutical methods may be employed to control the duration of 
action. Controlled release preparations may be achieved through the use of polymers to 

20 complex or absorb the therapeutic agents of the invention. The controlled delivery may be 
exercised by selecting appropriate macromolecules (such as polyesters, polyamino acids, 
polyvinyl, pyrrolidone, ethylenevinylacetate, methylcellulose, carboxymethylcellulose, or 
protamine sulfate) and methods of incorporation in order to control release. Another possible 
method to control the duration of action by controlled release preparations is to incorporate 

25 antibodies into particles of a polymeric material such as polyesters, polyamino acids, 

hydrogels, poly(lactic acid) or ethylene vinyl acetate copolymers. Alternatively, instead of 
incorporating these agents into polymeric particles, it is possible to entrap these materials in 
microcapsules prepared, for example, by coacervation techniques or by interfacial 
polymerization, for example, hydroxymethylcellulose or gelatine-microcapsules and 

30 poly(methylmethacrylate) microcapsules, respectively, or in colloidal drug delivery systems, 
for example, liposomes, albumin microspheres, microemulsions, nanoparticles, and 
nanocapsules or in macroemulsions. 
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The pharmaceutical formulations of the present invention are prepared, for example, 
by admixing the active agent with solvents and/or carriers, optionally using emulsifiers 
and/or dispersants, whilst if water is used as the diluent, organic solvents may be used as 
solubilizing agents or auxiliary solvents. As described above, the excipients used include, for 
5 example, water, pharmaceutically acceptable organic solvents such as paraffins, vegetable 
oils, mono- or polyfunctional alcohols, carriers such as natural mineral powders, synthetic 
mineral powders, sugars, emulsifiers and lubricants. 

The compositions may be advantageously combined and/or used in combination with 
hypocholesterolemic therapeutic or prophylactic agents that are different from the LXR and 

10 ABCA1 inhibitor compounds. In many instances, administration in conjunction with the 

subject compositions enhances the efficacy of such agents. Exemplary hypocholesterolemic 
and/or hypolipidemic agents include: bile acid sequestrants such as quaternary amines (e.g. 
cholestyramine and colestipol); nicotinic acid and its derivatives; HMG-CoA reductase 
inhibitors such as mevastatin, pravastatin, and simvastatin; gemfibrozil and other fibric acids, 

15 such as clofibrate, fenofibrate, benzafibrate and cipofibrate; probucol; raloxifene and its 
derivatives; the therapeutic agents mentioned elsewhere herein; and mixtures thereof. 

One of ordinary skill will appreciate that effective amounts of the inventive 
therapeutic agents can be determined empirically and may be employed in pure form or, 
where such forms exist, in pharmaceutically acceptable salt, ester or prodrug form. The 

20 agonist or antagonist my be administered in compositions in combination with one or more 
pharmaceutically acceptable excipients. It will be understood that, when administered to a 
human patient, the total daily usage of the agents and compositions of the present invention 
will be decided by the attending physician within the scope of sound medical judgement. The 
specific therapeutically effective dose level for any particular patient will depend upon a 

25 variety of factors including the type and degree of the response to be achieved; the specific 
agent or composition employed; the age, body weight, general health, sex and diet of the 
patient; the time of administration, route of administration, and rate of excretion of the agent 
or composition; the duration of the treatment; drugs (such as a chemotherapeutic agent) used 
in combination or coincidental with the specific composition; and like factors well known in 

30 the medical arts. 

Techniques of dosage determination are well known in the art for antibody and 
peptide agents. In general, it is desirable to provide a patient with a dosage of antibody or 
peptide agent in the range of from about 1 pg/kg to 10 mg/kg (body weight of patient). The 
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therapeutically effective dose can be lowered if the agent of the present invention is 
additionally administered with another compound. As used herein, one compound is said to 
be additionally administered with a second compound when the administration of the two 
compounds is in such proximity of time that both compounds can be detected at the same 
5 time in the patient's serum. 

For example, satisfactory results are obtained by oral administration of therapeutic 
dosages on the order of from 0.05 to 10 mg/kg/day, preferably 0.1 to 7.5 mg/kg/day, more 
preferably 0.1 to 2 mg/kg/day, administered once or, in divided doses, 2 to 4 times per day. 
On administration parenterally, for example by i.v. drip or infusion, dosages on the order of 

10 from 0.01 to 5 mg/kg/day, preferably 0.05 to 1 .0 mg/kg/day and more preferably 0.1 to 1 .0 
mg/kg/day can be used. Suitable daily dosages for patients are thus on the order of from 2.5 
to 500 mg p.o., preferably 5 to 250 mg p.o., more preferably 5 to 100 mg p.o., or on the order 
of from 0.5 to 250 mg i.v., preferably 2.5 to 125 mg i.v. and more preferably 2.5 to 50 mg i.v. 
Dosaging may also be arranged in a patient specific manner to provide a 

15 predetermined concentration of an agent in the blood, as determined by the RIA technique. 
Thus patient dosaging may be adjusted to achieve regular on-going trough blood levels, as 
measured by RIA, on the order of from 50 to 1000 ng/ml, preferably 150 to 500 ng/ml. 

The agents of the present invention are intended to be provided to a patient in an 
amount sufficient to reduce the amount or rate of expression and/or function of LXR and/or 

20 ABCA1, i.e., in an "effective amount." In certain embodiments, an effective amount will be 
an amount sufficient to inhibit cholesterol efflux in the brain or brain cells, to inhibit 
secretion of A/3 in the brain or in brain cells, or to treat Alzheimer's disease to alleviate 
symptoms, slow the progression of the disease, or to inhibit the pathophysiology of the 
disease. An amount is said to be sufficient to "reduce the amount or rate of expression and/or 

25 function of LXR and/or ABCA1" if the dosage, route of administration, etc. of the agent is 
sufficient to reduce the amount or rate of expression of LXR and/or ABCA1 nucleic acids 
and/or to reduce the amount of function of LXR and/or ABCA1 proteins. Such an effect can 
be assayed, for example, by measuring the amount of cholesterol efflux from brain cells as 
disclosed in the examples, by measuring the expression of LXR and/or ABCA1 nucleic acids, 

30 such as by RT-PCR, by examining the onset of Alzheimer's disease symptoms occurring in 
vivo, or by correlating in vitro blocking studies with predicted in vivo efficacy. 

The administration of the agents of the present invention may be for either 
prophylactic or therapeutic purpose. When provided prophylactically, the agent is provided 
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in advance of any Alzheimer's disease symptoms. The prophylactic administration of the 
agent serves to prevent or reduce the rate of onset of symptoms. When provided 
therapeutically, the agent is provided at (or shortly after) the onset of the appearance of 
symptoms of actual disease. The therapeutic administration of the agent serves to reduce the 
5 severity and duration of Alzheimer's disease. 

Additionally, one or more of the agents of the present invention which is used in one 
of the above-described methods can be detectably labeled prior to use, for example, through 
the use of radioisotopes, affinity labels (such as biotin, avidin, etc.), enzymatic labels (such as 
horse radish peroxidase, alkaline phosphatase, etc.) fluorescent labels (such as FITC or 

10 rhodamine, etc.), paramagnetic atoms, etc. Procedures for accomplishing such labeling are 
well-known in the art (L. A. Sternberger et al., J. Histochem. Cytochem. 18:315 (1970); E. A. 
Bayer et ah, Meth. Enzym. 62:308 (1979); E. Engval et al., Immunol. 109:129 (1972); and J. 
W. Goding, J. Immunol. Meth. 13:215 (1976)). 

The materials used in the methods described herein are ideally suited for the 

15 preparation of a kit. For example, the present invention provides a compartmentalized kit to 
receive in close confinement, one or more containers which include an agent capable of 
inhibiting LXR and/or ABCA1 expression and/or function, and optionally one or more other 
containers comprising one or more of the following: pharmaceutically acceptably carriers and 
instructions for combining the carrier and the agent and/or instructions for therapeutic use of 

20 the agents. 

As used herein, a compartmentalized kit includes any kit in which reagents are 
contained in separate containers. Illustrative examples of such containers include, but are not 
limited to, small glass containers, plastic containers or strips of plastic or paper. Particularly 
preferred types of containers allow the skilled worker to efficiently transfer reagents from one 

25 compartment to another compartment such that the samples and reagents are not cross- 
contaminated and the agents or solutions of each container can be added in a quantitative 
fashion from one compartment to another. Such containers include, but are not be limited to: 
a container which contains one or more of the agents of the present invention used in the 
assay, and containers which contain carrier reagents (such as saline, buffers, etc.). 

30 A further aspect of the present invention concerns DNA molecules which encode for 

the polypeptide and antibody agents described herein. The starting nucleotide molecules can 
be obtained by the person skilled in the art using known methods. Moreover, the DNA 
molecules, where the amino acid sequence is known, may be produced synthetically or by 
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amplification methods such as PCR (Sambrook et al., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press (1989)). The DNA sequences of the present 
invention include not only the actual nucleotide sequence used by the organism from which 
the protein is derived but also includes all degenerate forms which encode a peptide with the 
5 desired sequence. 

The invention includes DNA sequences which have been modified utilizing methods 
known in the art, such as those generated by mutation, deletion, transposition or addition. 

The present invention further includes DNA vectors which contain the DNA 
sequences described herein. In particular, these may be vectors in which the DNA molecules 
10 described are functionally linked to control sequences which allows expression of the 

corresponding polypeptides. These are preferably plasmids which can be replicated and/or 
expressed in prokaryotes such as E. coli and/or in eukaryotic systems such as yeasts or 
mammalian cell lines. These vectors may also be mammalian viral vectors which can be 
replicated and/or expressed in eukaryotes such as mammalian cell lines and in the human 
15 patient, as "host," for integration into the cellular genome of the patient and expression as 
genetic therapy systems. 

The invention also includes host organisms transformed with the above vectors. 
Expression in prokaryotes and eukaryotes may be carried out using techniques known in the 
art. The DNA sequences according to the invention may be expressed as fusion polypeptides 
20 or as intact, native polypeptides. Fusion proteins may advantageously be produced in large 
quantities. They are generally more stable than the native polypeptide and are easy to purify. 
The expression of these fusion proteins can be controlled by normal host DNA sequences. 

Functional prerequisites of the vector systems comprise, in particular, suitable 
promoter, termination and polyadenylation signals as well as elements which make it possible 
25 to carry out replication and selection in mammalian cell lines. For expression of the DNA 
molecules according to the invention it is particularly desirable to use vectors which are 
replicable both in mammalian cells and also in prokaryotes such as E. coli. 

The present invention is described in further detail in the following non-limiting 
example. 

30 

Example 

Experimental Procedures 
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Materials. 9-cis-Retinoic acid (R-4643) was purchased from Sigma Chemical Co. 
(St. Louis, MO) and dissolved in ethanol at 10 mM. Oxysterols, 22(R)-hydroxycholesterol 
(H-9384), 25-hydroxycholesterol (H-1015), and 7-ketocholesterol (C-2394), were purchased 
5 from Sigma Chemical Co. and dissolved in ethanol at 10 mM. The LXR agonist, TO- 

901317, was purchased from Cayman Chemical (Ann Arbor, MI) and dissolved in ethanol. 
Anti-ABCAl rabbit polyclonal antibody was generated against human ABCA1 residues 
2071-2261 fused to a histidine tag (24). A second anti-ABC 1 polyclonal antibody against a 
different ABCA1 epitope (amino acid residues 120 1-1211 of the human ABC1 gene 
10 [AETSDGTLPAP; SEQ ID NO:l]; catalog number NB 400-105) was obtained from Novus 
Biologicals (Littleton, CO). 

In situ hybridization. Unilateral hippocampal AMPA lesions were performed in 4 
mice according to published procedures (25), and were sacrificed at 1, 3, 7, and 1 1 days post- 
15 surgery. Brains were removed by cervical dislocation under ether anesthesia, and sectioned 
coronally or sagitally at 16 |im on a cryostat onto sterile Probe-On Plus slides (Fisher 
Scientific, Pittsburgh, PA). Two non-lesioned rat brains were also examined. In situ 
hybridization was performed for ABC1 expression utilizing a probe against Genbank 
sequence X75926, bases 209-253, according to previously published protocols (26). Sections 
20 were fixed for 5 minutes in ice-cold 4% paraformaldehyde and stored in 95% ethanol at 5°C. 
Sections were hybridized overnight with the [ 3:) S]-adenosine (Dupont/NEN, Boston, MA) 
end-labeled 45-mer oligonucleotide probes (10,000 cpm/jil) at 42°C in sealed chambers 
humidified with 50% formamide/0.1% diethylpyrocarbonate water, then washed in lx 
standard sodium citrate at 55°C. Slides were exposed to Amersham /3-max autoradiography 
25 film for 13 days (Amersham Biosciences, Piscataway, NJ). Sections were dipped and 
exposed to Amersham LM-1 emulsion for 3 months for cellular resolution. 

Cell culture. Mouse Neuro2A (neuroblastoma) cells and human IMR-32 
(neuroblastoma) cells (American Type Culture Collection, Manassas, VA) were cultured in 
30 Optimem (Gibco, Invitrogen Life Technologies, Carlsbad, CA) supplemented with 10% fetal 
bovine serum. Mouse BV-2 (microglial) and rat C6 (glioma) cells were cultured in 
Dulbecco's modified Eagle's medium supplemented with 5% fetal bovine serum. Mouse 
primary neuronal cultures were generated as described (27). Briefly, cortical neurons were 
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isolated from embryonic day 16 Swiss- Webster mice. Individual cortices was dissociated in 
calcium-free saline and plated on poly-D-lysine (Sigma) coated tissue culture dishes at the 
density of 1 .5 x 10 6 cell/ml. The neurons were grown in Neurobasal Media (Gibco BRL) 
plus 10% fetal bovine serum. One hour after plating, medium with serum was replaced with 
5 medium containing B-27 supplement (Gibco BRL). 

Transfections. Full-length ABCA1 cDNA with a green fluorescent protein tag fused 
to the second amino acid of ABCA1 was expressed from the pcDNAl expression vector (24). 
Neuro2A cells were transiently transfected using FuGene 6 (Roche Diagnostics Corporation, 
10 Roche Applied Science, Indianapolis, IN). Green fluorescence was observed one to two days 
later using the BioRad Laboratories (Hercules, CA) MRC-1024 confocal microscope 
(excitation at 488 nm, emission at 522 nm). 

RNA inhibition. Double stranded RNA (RNAi) was generated homologous to a 
15 region of the 5' end of the coding portion of the mouse ABCA1 gene, 5'-AAG TGG CCT 
GGC CTC TCT TTA-3' (SEQ ID NO:2) (Dharmacon Research Inc, Lafayette, CO). As a 
negative control, we used a sequence directed against the human hsp70 gene. Neuro2A cells 
were transfected with the RNAi with Effectene transfection reagent (Qiagen, Valencia, CA) 
according to manufacturer protocol. After an overnight exposure, RNAi complex was 
20 removed, cells were washed one time in growth medium, and the media was replaced with 
Neurobasal medium with 2% B-27 with or without LXR/RXR agonists for one day. 
Conditioned media was collected and analyzed for A/?. 

Western blot. Cells were lysed in 250 mM sucrose, 10 mM HEPES (pH 7.4), 
25 supplemented with complete protease inhibitors (Sigma Chemical Co). Protein levels were 
quantified by the BCA assay (Pierce, Rockford, IL), and samples of 50 fig were held in SDS 
loading buffer with 2.5% /3-mercaptoethanol for 30 min at room temperature, but were not 
boiled prior to loading. Proteins were separated by SDS-6% polyacrylamide gel 
electrophoresis and transferred to nitrocellulose. Blots were probed with the anti-ABCl 
30 antibodies (1 : 1000), and developed with anti-rabbit linked HRP secondary antibody by 
chemiluminescence. 



A& analyses. Cells were cultured in Neurobasal medium with 2% B-27 for one day in 
the presence or absence of LXR/RXR agonists. A/340 and A/342 levels in the conditioned 
medium were determined by ELISA, with BNT77 as a capture antibody and BA23-HRP for 
A/540 or BC05-HRP for A/342 as detection antibodies (28). A/3 antibodies for ELISA were 
the generous gift of Takeda Chemical Industries. 

RESULTS 

ABCA1 in situ hybridization. We first wanted to determine whether ABCA1 was 
expressed in brain. In situ hybridization of rat brain demonstrated expression of ABCA1 in 
rodent brain (Fig. 1). Highest expression was in the neuronal layers of the cerebellum, 
followed by the hippocampus and cerebral cortex, with low expression in the white matter 
tracts (Figs. 1 A, C). As a positive control, strong expression was observed in mouse liver 
(Fig. IB); as a negative control, the ABCA1 sense probe did not bind to brain sections (Fig. 
ID). 

To investigate the regulation of ABCA1 after acute brain damage, we evaluated 
ABCA1 expression after excitotoxic lesion of the mouse hippocampus (Fig. 2). Stereotactic 
AMP A lesioning of the hippocampus resulted in an up-regulation of ABC A 1 mRNA 
beginning gradually at 3 days and continuing to increase through 7 and 1 1 days post-lesion. 
Emulsion dipped sections demonstrated increased expression in both neuronal and glial 
elements. 

ABCA1 immunoblots. In order to demonstrate ABCA1 protein expression in neurons, 
we examined proteins isolated from primary cultures of mouse neurons. Western blot 
analysis using a polyclonal ABCA1 antibody showed a protein of 220 kDa, the size expected 
from the published sequence (Fig. 3 A). This protein co-migrated with ABCA1 from mouse 
Neuro2A cells transiently transfected with an ABCA1 expression vector (24). 

Previous studies demonstrated that ABCA1 was up-regulated by hydroxysterols and 
retinoic acid (6), which interact with the nuclear receptors, LXR and RXR, respectively. In 
order to determine whether these agents induce ABCA1 expression in neurons, we treated 
primary neurons with concentrations of 22-hydroxycholesterol and retinoic acid from 100 nM 
to 10 uM. One-day treatments with 100 nM of both of these compounds led to an up- 
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regulation of ABCA1 protein compared to untreated cells (Fig. 3 A). Increasing concentration 
of each compound further increased ABCA1 expression (Fig. 3A). 

We also examined whether ABCA1 was expressed in an immortalized cell line 
derived from a mouse neuroblastoma, Neuro2A cells. ABCA1 protein was found at low or 
5 undetectable levels in Neuro2A extracts (Fig. 3B). However, when Neuro2A cells were 
treated with retinoic acid and 22-hydroxycholesterol, expression of ABCA1 was clearly 
apparent (Fig. 3B). In some experiments, weak up-regulation of ABCA1 was observed in 
cells treated only with 22-hydroxycholesterol, but never in cells treated only with retinoic 
acid. Similar experiments with human neuroblastoma IMR-32 cells also showed detectable 

10 ABCA1 levels only after induction with retinoic acid and 22-hydroxycholesterol. 

We examined whether other oxysterols were capable of increasing ABCA1 
expression. Neuro-2A cells were treated with retinoic acid and either 22-hydroxycholesterol, 
25-hydroxycholesterol or 7-ketocholesterol for one or two days (Fig. 3C). ABCA1 
immunoblots demonstrated that treatment with 25-hydroxycholesterol increased ABCA1 

15 protein nearly as well as 22-hydroxycholesterol, whereas 7-ketocholesterol was not as 
efficacious. Densitometric analysis demonstrated that 22- and 25-hydroxycholesterol 
induced ABCA1 to an equivalent extent, but 7-ketocholesterol induced ABCA1 to only half 
that level. 

The in situ hybridization data suggested that ABCA1 was also expressed in 
20 glial cells after brain lesion. We therefore examined a microglial cell line, BV-2, and 
a glioma cell line, C-6, for expression of ABCA1 protein. Both glial cell lines 
expressed detectable levels of ABCA1, and expression was increased after treatment 
with retinoic acid and 22-hydroxycholesterol (Fig. 4). Expression was also increased 
after treatment with the non-steroidal LXR agonist TO-901317, and further increased 
25 when treated with TO-901317 in the presence of retinoic acid. The response of 
ABCA1 in glial cells to LXR ligands was similar to that seen in Neuro2A cells (Fig. 
4). 

Subcellular localization of ABCAL In order to visualize the subcellular localization 
30 of ABCA1 in Neuro2A cells, we transiently transfected them with an expression vector of 
full-length ABCA1 fused to green fluorescent protein (24). This membrane-bound protein 
was found in the endoplasmic reticulum, Golgi apparatus and intracellular vesicles in HeLa 
cells (29). Similarly, in Neuro2A cells, prominent expression of ABCA1 was observed in the 
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perinuclear compartments and on the cell surface (Fig. 5). ABCA1-GFP was particularly 
noticeable on processes projecting from the rounded cell bodies (Fig. 5). Thus, ABCA1 is 
expressed in the plasma membrane of neuronal cells, as expected of a protein whose function 
is lipid efflux. 

5 

Effects of ABCA1 induction on secreted A(3 levels. A/3 is a 40-42 amino acid, 
hydrophobic molecule generated by proteolysis of the amyloid precursor protein (APP) (30). 
We tested whether levels of secreted A/3 were affected by activation of LXR/RXR 
heterodimers. Neuro2A cells treated with 10 uM 22-hydroxycholesterol and retinoic acid 

10 secreted increased levels of both A/340 (29%) and Aj342 (65%) (Fig. 6). Similar increases 
were observed in experiments with 1 uM or 3 uM 22-hydroxycholesterol. We were 
concerned that we had altered the cholesterol content of cells in culture with the oxysterol 
treatments. Therefore, we treated cells with an LXR agonist that was not an oxysterol, TO- 
901317. Similar increases in secreted A/340 (25%) and A/342 (126%) were found from cells 

15 treated with TO- 901317 and retinoic acid (Fig. 6). In all experiments, the increase in A/342 
was greater than the increase in A/340. No differences were observed by western blot 
analyses in the levels of cellular APP or secreted APP after treatment with LXR and RXR 
agonists; furthermore, no toxicity was observed by monitoring of released LDH activity. 

In order to determine whether induction of ABC A 1 was partially responsible for the 

20 increased levels of secreted A/3, we treated cells with RNAi to inhibit ABCA1 induction. 
Western blot analysis showed that RNAi inhibited ABCA1 induction by 30 to 41%. 
Consistent with the results above, cells treated only with buffer showed significantly 
increased secretion of A/340 and A/342 after 22-hydroxycholesterol/retinoic acid treatment. 
Cells treated with ABCA1 RNAi showed levels of secreted A/340 and A/342 that were not 

25 significantly increased after 22-hydroxycholesterol/retinoic acid treatment (Fig. 7). As a 

control, we also treated cells with an RNAi against the human hsp70 gene; these cells showed 
increased levels of secreted A/340 and A/342 similar to those seen in cells without RNAi. 
These data suggest that induction of ABCA1 increases levels secreted A/8. 

30 DISCUSSION 

Translating knowledge gained about lipid metabolism in the periphery to the CNS is 
vital for understanding processes important to neuronal function, degeneration and repair. 
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The cholesterol efflux molecule ABCA1 is expressed widely in the periphery (10,31), but 
ABCA1 message and protein have also been detected in the brain (10,31-33). Our in situ 
(Figs. 1 and 2) and cell culture data (Figs. 3 and 4) show that ABCA1 expression is high in 
both neurons and glia. We hypothesized that cholesterol efflux might be very important after 
5 neuronal damages, when excess membranes need to be cleared from the brain. Indeed, 

excitotoxic lesions of the hippocampus resulted in upregulation of ABCA1 mRNA, beginning 
at 3 days and increasing through 1 1 days. The time course of increase is similar to apoE and 
apoJ mRNA, as well as with the development of gliosis (34), suggesting coordinate 
regulation of these cholesterol transport proteins during repair. Both neurons and glia 

10 expressed ABCA1 in response to injury, in contrast to the glial-expressed apoE, suggesting a 
more ubiquitous role in repair mechanisms. 

Oxysterols and agonists of LXR induce ABCA1 expression in many tissue types (6). 
We found in neuronal cells and glia that ABCA1 was increased by retinoic acid and LXR 
agonists (Figs. 3 and 4). Induction of CNS ABCA1 message by LXR agonists was also 

15 recently demonstrated in vitro and in vivo (35). 24S-hydroxycholesterol is the most 

prominent oxysterol in the brain, produced by the brain-specific enzyme cholesterol 24- 
hydroxylase (CYP46) (36). 24S-hydroxycholesterol induces ABCA1 expression through 
interactions with either LXRa or LXR/3 isoforms (37,38); LXR/3 is the isoform more strongly 
expressed in the brain (35). Better understanding of 24S-hydroxycholesterol regulation will 

20 allow better understanding of regulation of brain cholesterol efflux. 

Oxysterols, like cholesterol, are components of cell membranes and soluble 
lipoproteins (39). There are several classes of lipoproteins in the cerebrospinal fluid, defined 
by their content of apoE and apoAI, and all are high density (40-42). In the CNS, apoE is 
made by glia (43), and secreted as part of lipoproteins that are smaller and denser than CSF 

25 lipoproteins (44). It was suggested that these glial lipoproteins accumulated lipids via 

cellular cholesterol efflux to become the larger lipoproteins found in the CSF (44). Lipid- 
poor apolipoproteins, including apoAI and apoE, can interact with ABCA1 to promote 
cholesterol efflux to generate high-density lipoproteins (45,46). Indeed, cholesterol efflux 
has been demonstrated from fibroblasts to isolated CSF lipoproteins (47) and from neurons 

30 and astrocytes to purified apoE (48). Thus, ABCA1 transfer of lipids to many of the classes 
of apoE- and apoAI-containing lipoproteins can occur in the CNS, allowing elimination and 
redistribution of membrane components during degeneration. 
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Epidemiological studies link high levels of plasma cholesterol with increased risk of 
Alzheimer's disease (19-23). In vitro and in vivo mouse studies link high levels of cellular 
cholesterol with high levels of secreted A/3 (14-18). We hypothesized that some of the effects 
of high cholesterol on A/3 may be due to production of oxysterols from cholesterol, causing 
5 changes in gene transcription via interactions with LXR. We focused on changes in ABCA1 
because of its significant role in cholesterol efflux and its strong expression in the brain. In 
neuroblastoma cells, oxysterol induction of ABCA1 was accompanied by increased secreted 
A/3 species (Fig. 6); a similar effect was seen in C6 glial cells. Importantly, the A/3 produced 
in these experiments was from endogenous sources of APP, and not from cells 

10 overexpressing APP. 

The N-terminal 12-14 amino acids of A/3 are hydrophobic, comprising part of the 
transmembrane domain of APP. Indeed, A/3 cleaved from APP is found in plasma 
membranes (49). We reasoned that soluble A/3 levels are not only dependent on A/3 
production and A/3 degradation, but also on the transfer of A/3 between intracellular and 

15 extracellular compartments. Our data that the induction of ABCA1 increased the levels of 
secreted A/3 (Figs. 6 and 7) suggests that ABCA1 is a mechanism of A/3 secretion from the 
cell. We hypothesize that in vivo, A/3 is secreted from the cells associated with cholesterol 
and phospholipids. Our finding that the more hydrophobic isoform of A/3, A/342, was 
increased to a greater extent than A/340 is consistent with this hypothesis. Increased 

20 extracellular A/3 has been observed after brain trauma (50,5 1); this increase may be due to 
increased ABCA1 after brain damage (Fig. 2) and increased ABCA1 -related efflux of A/3. 

Since LXR agonists induce secreted A/3 species, particularly A/342, we hypothesize 
that an increase in LXR agonists in the brain may increase A/3 deposition. Levels of 24- 
hydroxycholesterol are increased in CSF of AD patients (52,53), but not in healthy aged 

25 individuals (54), suggesting that this compound may increase risk of AD. Furthermore, 24S- 
hydroxycholesterol is reduced in individuals taking simvastatin (55), who are at decreased 
risk of AD (21-23). Thus, approaches that reduce brain oxysterol production or act as LXR 
antagonists may reduce the risk of AD. 

In this study, we have characterized the expression and regulation of the cholesterol 

30 efflux molecule ABCA1 in neurons and glia. We found that induction of ABCA1 increases 
secretion of A/3 from cells in culture, suggesting that molecules that regulate ABCA1 could 
regulate levels of A/3 in the brain. Thus, ABCA1 could constitute a new target in developing 
therapeutics for prevention of Alzheimer's disease. 
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Equivalents 

30 All references disclosed herein are incorporated by reference. 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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We claim: 



